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difficulty can be selected or, more conveniently, suppose the
source emits problems of maximum difficulty (N ax) and that
there are simplifying operations, indexed by g = Nmax = 7, Which
are applied to simplify or partially solve the problems selected by
the source before they are displayed to the subject. Let p be a
performance index such as correct response frequency or latency
weighted correct response frequency or a decreasing function of
the error modulus integral over a certain past time or of the RMS
error. The appropriate performance index, p, and the physical
variable corresponding to n depends upon the kind of problem
solving task.
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Fig. 1.3, Stimulus display = x; response = y; "correel” eamparator output =
f{x,y); P.8 = Prablem Source: Simp = Problem simplification or difficulty
variation | @ = Knowledge of results, if given; () = comparator symbol.

2.3, A steady state control system (Fig, 3) is a device that
interacts with n subject who Is performing a lask in order to
maintain his proficiency at a near constant level by posing
problems at an appropriately selected level of difficulty, n. If p
increases 1 is made to increase and vice versa so that p
approximates a stipulated constant value £. The controller has the
(ideal) effect of clamping the subject in a working region where
the problems posed are neither so difficult as to prove incompre-
hensible nor so easy that there is insufficient relevant variation to
oceupy his attention. By prior hypothesis, either circumstance
would lead to a state of affairs in which the subject would be
bound to focus his attention upon problems deemed irrelevant by
the extemal observer (a subject can neither assimilate problems
that he fails to comprehend as problems, nor can he stop solving
problems; it is only a matter of whether he solves relevant
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problems). Viewed thus, the steady state controller is an
instrument that captures the subject’s attention or, more accurate-
ly, that permits him to honour an agreement to solve problems of
a particular kind.

Controllers either of the type shown in Fig. 3 or the refined
versions that are described below, have been studied empirically in
connection with many different tasks; for example, pursuit and
compensatory tracking, visual discrimination, tmjectory detection,
logical puzzle solving and operating typewriters, card punches and
other keyboard instruments, (Gaines 1967, 1972; Hudson 1962;
Eelley 1968, 1970; Pask 1966),

Some typical identifications of Fig. 3 for a tracking task, are as
follows. The performance index, p, is the converse of an RMS
error, measured from target (pursuit tracking) or a null position
(compensatory tracking). The problem is to catch up with a
haphazardly moving target (pursuit) or to maintain a vehicle stable
under the influence of a perturbing input (compensatory
tracking). The problem difficulty, n, for both pursuit and
compensatory tracking may be varied either (a) by increasing the
mean amplitude of a random forcing input to target or vehicle, (b)
by operating upon the vehicle simulator, which relates the variable
(usually acceleration) manipulated by the subject to the displayed
vehicle position, (¢) by delivering auxiliary “cueing” information
for example, about the vehicle’s velocity, (d) by introducing or
withholding a requirement to perform an auxiliary task.

2.4. Under conditions that satisfy the initial assumption the
conjoint steady state system, made up from the subject and the
controller, is empirically stable; that is p does approximate £ by
dint of the prescribed variation. More generally, for the multi-
dimensional systems considered below, the joint system is
Lyapunov stable. That is, the time derivative(s) of p (or all terms
Pi; ian index over the dimensions) may be set to zero Lo express the
system equations in terms of derivatives of n; (or pj). On
representing these quantities by a cyclogram in coordinates u; it is
possible to plot Lyapunov functions as shells at varying distance
from the origin. ‘“The system is stable’’ means “that its state
trajectory approaches the origin by cutting through these shells
inwards and never traversing them in an outward going direction™.

The method of securing stability by this means is called the
s*2ady state technigue or, for brevity, the SST.
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